Abstract. Thyristor controlled series compensation(TCSC) has been an important controller among the flexible AC transmission systems(FACTS), while using TCSC for damping system sub-synchronous resonance (SSR) has been the emphasis on the academic and engineering. This paper introduced about SSR and TCSC, mainly analyzed the impacts of different control methods of TCSC on SSR. The methods include closed-loop constant impedance control, closed-loop constant current control and closed-loop constant power control. The time domain simulation based on PSCAD/EMTDP is adapted to analysis there different control methodologies on mitigating SSR.
Introduction
Thyristor Controlled Series Compensation (TCSC) technology in power system because of its rapid response capacity and smooth control of voltage and active power are increasingly applied to electric power system. As an important application function of TCSC, the suppression of the Sub-synchronous resonance (SSR) of power system has been the attention of academia and engineering.
The equivalent positive resistance characteristic of TCSC in the sub synchronous frequency makes the TCSC have the inhibitory effect on SSR, and gives the corresponding explanation for this positive resistance characteristic of TCSC, But there is no specific analysis of the TCSC equivalent of the frequency of the synchronization is how to play a role in suppressing the role of SSR [1] . Because the TCSC can exhibit positive and negative inductance characteristics at the sub-synchronous frequency, the condition of SSR occurrence is disrupted, and the effect of inhibiting SSR is achieved, and through the simulation shows that the TCSC can be suppressed by SSR [3] [4] . In [5] , the influence of TCSC conduction angle on resistance damping characteristics of open-loop control and three different closed-loop control modes is studied. Based on EMTP software, research the impact of TCSC closed-loop control mode (constant current and power) to Sub-synchronous oscillation on the condition of the open-loop control (constant impedance) [6] . In [7] , the voltage synchronization and current synchronization are analyzed and compared. It is shown that the voltage synchronous triggering angle in the range of 90-180, slow transient response. Current synchronization trigger control is simple; trigger angle range from 90-270, fast transient response, but the voltage synchronization easier to make the system stable.
Simulation software based on PSCAD/EMTDC, we studied the influence of TCSC control on Sub-synchronous oscillation, in IEEE first on the basis of the standard model, with study of TCSC system is set up and the corresponding control modules, analyzes impact of different control methods on Sub-synchronous oscillation.
The Influence of TCSC on the Sub-synchronous Oscillation

TCSC Control Mode
Closed-Loop Impedance Control. Figure 1 shows the principle of closed loop control of TCSC. According to capacitor voltage and line current calculation TCSC current of fundamental impedance, according to TCSC fundamental impedance steady-state formula of inverse function, advance calculation a triggered delay angle of forecast value, according to impedance reference value and actual value of poor, according to the PI control law, the correction of the trigger delay angle is generated, which is the sum of the steady state prediction value and the actual control angle, and on line voltage for filter, get its fundamental component, as synchronization signal, to pulse control provides synchronization with of benchmark signal PT, according to triggered delay angle and synchronization signal, produced by two of Crystal gate tube triggered pulse, drive main circuit work.
According to the voltage and line current, calculate of TCSC harmonic impedance of current X . According to the inverse function of steady state formulae of TCSC harmonic impedance, prepending a trigger delay angle the predictive value of 0  . The difference between impedance reference ref X and actual value X is X  . According to the PI control law generates trigger delay angle correction   , which is the sum of the steady state prediction value 0  and the amplitude thereof constitutes the actual control angle  .And the line voltage is filtered to obtain the fundamental wave component as the synchronization signal, and the reference signal T P for synchronization is provided to the pulse control, and the required thyristor trigger pulse is generated according to the trigger delay angle and the synchronization signal to drive the main circuit to work. Closed-Loop Current Control. Hope the line current is taken as TCSC controller reference current signal, TCSC controller model in Figure 1 (b) as shown. The measured line current is filtered and subjected to standardization to ensure that it is in unity with the reference current. Controllers still using PI, controller output trigger signal and feed trigger delay angle sum limit constitutes the actual firing angle. Other elements of control circuit are same with the circuit of constant impedance control.
Closed-Loop Power Control. The measured line voltage and current are filtered and sent to the power calculation module to calculate the active power of the line. After the normalized unit sending to the power controller plus point, power reference ref P represents hoped active power value by TCSC compensation line. Other elements of control circuit are same with the circuit of constant current control.
Different Ways a Given Conduction Angle Effect on Damping Characteristics of Electric System
The influence of TCSC on the SSR damping characteristics of a given PI control mode, given current PI control mode and given power PI control mode is compared. The resonant frequency of the system has little to do with the closed-loop control method, but is related to the size of the conduction angle. TCSC is almost the same as the damping of the system under different control modes. In [9] , the influence of different control modes and conduction angles of TCSC on the damping characteristics of the electrical system is studied in depth. It can be seen from Figure 2 that the TCSC conduction angle is 60 °, the system resonant frequency with a given way almost no relationship; but when the conduction angle is 20°and 40°, from the different given closed-loop control mode of the system resonant frequency is not the same, and the difference is not negligible.
Simulation results show that same conduction angle and given control mode, the 1 parameter on the resonant frequency of the system and electrical amplitude of the negative damping is influential. Taking the conduction angle 40 ° current setting control mode as an example, we take the PI parameters 1 Figure3 shows that when the PI parameter changes, the system frequency resonance point and the amplitude of the electrical negative damping have an impact, and cannot be ignored. It can be seen that the conduction angle, the given mode, and the PI parameter have an effect on the electrical damping torque coefficient. In the design of PI controller, it is hoped that the sub-synchronous oscillation has the greatest degree of inhibition, should adjust the PI parameters to the controller Sub-frequency oscillation has the greatest degree of inhibition.
The Influence of TCSC on the Damping Characteristics of Electrical Systems in the Same Manner and at Different Conduction Angles
On study of TCSC in the same manner and under different break over angle, compare electric effects of damping characteristics of the system. By adjusting PI parameters, Figure 4 , respectively in the constant impedance control, constant current control and constant power control mode, when firing angle is 1 and 2, on the impact of generator unit SSR damping characteristics. It can be seen from Figure 4 that the amplitude of the electrical negative damping near the resonant point decreases significantly with the increase of the conduction angle in three different control modes. This is because when the conduction angle is small, the impedance of the TCSC at the Sub-synchronous frequency appears as a small resistance and a nearly constant capacitance. As the conduction angle increases, the TCSC behaves as a fast-tunable capacitance resistance, and the resistance effect was significant at the sub synchronous frequency, which can provide a large positive damping for the system. Figure 6 shows the first standard test system of the IEEE sub-synchronous resonance. 90% of the original fixed series capacitor is reserved and 10% is replaced by TCSC. Take Based on PSCAD/EMTDC software, observe the changes of mass torque, torque and angular velocity of the rotor in the system in the time domain simulation after SSR. At simulation time 5 t s  , the three-phase short-circuit fault occurs at the infinite bus and the fault is removed after 0.05 s in order to ensure the consistency of the research conditions and take into account the common working conditions of the project, TCSC as an effective measure to adjust the power flow, improve the transmission capacity of the TCSC triggering delay angle are 154 °. The simulation and calculation results are shown below. Figure 7 shows the rotor angular velocity curve, the electromagnetic torque curve, and the relationship between the low-pressure cylinder A and the low-pressure cylinder B when the Sub-synchronous resonance occurs when the TCSC control is used only with the fixed series compensation capacitor (LAP-LBP) and the torque curve (GEN-EXC) between the generator and the exciter. Figure 8 and 9 were given three kinds of control methods of the rotor angular velocity curve, torque curve, the low pressure cylinders a and b between the low pressure cylinder torque curve (LAP-LBP) and torque curve between the generator and Exciter (GEN-EXC). [7] [8] [9] [10] shows that when the system is three-phase short circuit fault, only fixed series capacitor system has obvious Sub-synchronous oscillation, deviation from the stable operation of large amplitude of oscillation. But the TCSC three kinds of control methods can effectively suppress sub-synchronous oscillation, and the effects of closed-loop constant impedance control, closed-loop constant current control and closed-loop constant voltage three control modesare basically the same. However, it can be seen from the simulation curve that, regardless of the control mode adopted by the TCSC in the system, the generator rotor angular velocity curve and the torque curve between the PB-GEN and GEN-EXC oscillate, indicating that the above control TCSC cannot completely eliminate the Sub-synchronous oscillation, and can only inhibit the occurrence of TCSC to a certain extent. 
Simulation Examples
Conclusion
In this paper, the influence of closed-loop control of TCSC on electrical damping characteristics is studied and analyzed. It is concluded that the triggering angle of TCSC has a great influence on electrical damping. When the TCSC is given the same way and the conduction angle is different, the electrical damping torque coefficient decreases with the increase of the conduction angle. When the TCSC is given different ways and the conduction angle is the same, when the conduction angle is 60 degrees the system's electrical damping torque coefficient is very close, and at 20 degrees and 40 degrees when the difference is large. At the same time, the influence of sub-synchronous frequency equivalent reactance and equivalent resistance on the SSR is analyzed. It is found that the secondary synchronous equivalent reactance characteristic of TCSC plays a dominant role in the suppression of SSR, and the secondary synchronous equivalent resistance on the inhibition of SSR played a weakening effect.
Based on the IEEE standard model, a TCSC-based research system was established in PSCAD / EMTDP simulation software. The different effects of different control modes (closed--loop impedance control, closed-loop current control and closed-loop power control) on SSR were analyzed by time-domain simulation. The results show that the three control modes can effectively suppress the Sub-synchronous oscillation, and its effect is basically the same, but cannot achieve the goal of complete inhibition.
